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Abstract
The effectof initial spacingand thinningon grade,

strength,andvolumeoflumberproducedfrom loblolly
pine (Pinus taeda L.) in southwest Louisiana was
examined.Plotsplantedat spacingsof 6 by 6, 8 by 8,
9 by 9, 10 by 10, and 12 by 12 feetwerethinned to
residualbasalareasof 60, 80, 100, and120ft.2/acre
atage18andat 5-yearintervalsthroughage38.Trees
thinned from theplots at age38 wereprocessedinto
lumber. Based on study tree data, equationswere
developedto predicttotal lumbervolume andvolume
of No. 2 andbetterlumberproducedfrom individual
trees.A simulatedfinal harvestat age38 showedplots
plantedat 6 by 6 feetand thinned to =100 ft.2/acre
produced=60 percentNo. 2 andbetterlumbercom-
pared to =42 percentNo. 2 andbetterlumber from
plots planted 12 by 12 feetandthinned to the same
basalarea.

Southernpine lumber graded No. 2 and better
generally sells for 45 percent more than lumber
gradedNo. 3 or No. 4. Such a difference in dollar
valuewill be increasinglyimportant in future plan-
tationmanagementdecisionsasthetimber industry
experiencesfurther declines in available natural
standsandreliesmoreandmoreon plantations.No
existing decisionmodelsfor southernpine contain
the ability to include wood quality differentials in
predictedvolumes.

Initial plantingdensityandthinning aresilvicultu-
ral toolsthatcaninfluencewoodpropertiesand,thus,
thequalityof lumberproduced.This paperexamines
the effect of initial spacingand periodicthinning on
the grade,strength,andvolume of lumber produced
at age38 from loblolly pine(Pinus taedaL.) in south-
westLouisiana.

Sizeandfrequencyof knotsandvolume ofjuve-
nile woodare importantwoodpropertiesthat j.nflu-
encethedesirabilityofwood for lumber.Largeknots
andjuvenilewoodreducelumbervaluebecausethey
weakenthelumberandmakeit moreproneto warp,
creatingproblemsfor manufacturersand consum-
ers.Juvenilewood is acylinderofwoodsurrounding
the pith wherexylem cells are formedby immature
cambium. The prolonged influence of the apical
meristemin the active crown is thought to be re-
sponsiblefor juvenile woodformation since,regard-
less of tree age, juvenile wood is formed in that
portion of the stemthat containsyoung live crown
(17). The propertiesof juvenile wood and their ad-
verseeffectson productquality andyield havebeen
reportedby manyresearchers(2,3,16,21,24,26).

Thenumberofyearssouthernpinesproducejuve-
nile woodismorehighlycorrelatedwithenvironmental
factors that are associatedwith geographiclocation
than geneticdifferencesinherentamongspecies(9).
The durationofiuvenility in plantedpineis notinflu-
enced by initial spacing, but the diameterof the
juvenile core is significantiy correlatedwith initial
spacing(9). Treesplantedat widespacingsgrowmore
rapidly during their earlyyearsthan treesplantedat
closespacings,thus theycontaina largerdiameterof
juvenile wood. Recentstudies of the influence of

The authorsare, respectively.Wood Scientistandre-
tired Wood Scientist, USDA Forest Serv., Southeastern
Forest Expt. Sta., Forestry SciencesLab., Athens, GA
30602:ForestBiometrician. USDA ForestServ.,Southern
ForestExpt. Sta.. Pineville, LA 71360; andForestBiomet-
rician, WeyerhaeuserCo., Hot Springs, AR 71902. This
paperwasreceivedfor publication in April 1994.
© ForestProductsSociety 1994.

ForestProd.J. 44(11/121:14-20.

14 NOVEMBER/DECEMBER1994



juvenile wood on the strengthof dimensionlumber
showthat somelumbercut from thejuvenile zoneof
youngfast-grownplantationpinemaynotmeetdesign
requirements(12,15,18).

Early attempts to incorporatewood quality in
growth andyield modelshavebeenmadefor coast
Douglas-fir (Pseudotsugamenziesu(Mich.) Franco
var. menziesu) (7,13). The approach links stem
growth and yield modelswith crown dynamicsto
predict location and size of branches.A similar
approach has been used for Scots pine (Pinus
sylvestris) in Finland (25). There are no similar
attemptsto incorporatewood quality into growth
andyield modelsfor southernpine.

The importanceof controlling branch size and
juvenile wood contentby regulatinginitial spacing
and thinning is illustrated in recent lumber yield
studies.In astudyconductedbyMacPeaket al. (12),
lumber produced from 20-year-old slash pine
planted 12 by 12 feet (302 treesper acre(TPA)) and
thinned to 250 TPA was comparedto lumber cut
from 50-year-old slash pine planted 6 by 6 feet
(1,210TPA) andthinned at ages12, 20, 25, and35
to a final densityof 245 TPA. The20-year-oldtrees
had an averagediameterat breastheight (DBH) of
14.3inchesandthe50-year-oldtreesaveraged15.1
inchesDBH, Only 38 percentof thelumbercutfrom
the 20-year-oldtreeswasgradedNo. 2 andbetter,
while 69 percentof thelumbercutfrom the50-year-
old treeswas gradedNo. 2 and better. In another
study, Biblis (4) reported that 92 percentof the
dimensionlumber cut from 27-year-oldslashpine
planted6 by 6 feetandthinned only slightiy at age
15 wasNo. 2 andbetterlumber.

Severalresearchershavereportedtheoptimaleco-
nomicplantingdensitybasedon productionof multi-
ple products(pulpwood,chip- n-saw,sawtimber)but
notbasedon the gradeyield of theseproducts.Some
researchers(1,5,11,19)haveusedgrowth and yield
modelswhile others (6,10) havereported on actual
experimentalyield studies.No agreementexistsin the
literature on optimal plantingdensitybecauseeach
managementplan mustconsidermarketingobjectives
and afl costs associatedwith stand establishment,
management,andharvesting.

Bowling (6) found densitiesas low as 400 TPA
were optimum when marketing chip-n-saw and
sawtimber from unthinned slash pine (P. elliottii
Engeim). Conrad et al. (10) also found that when
multiple products are produced from unthinned
stands,the wider spacingof 9 by 10 feet (484 TPA)
producedthe highesteconomicreturn, assuming
thewide spacingdid not affect stemquality. When
variable costs for stand establishment,manage-
ment,andharvestingareconsidered,Borderset al.
(5) reported optimal planting densities for un-
thinnedstandsrangefrom 590 to 1,100TPA. Bailey
(1) also found high densities(=1,000TPA) optimal
for unthinnedstands.

Brodericket al. (8) found that plantingat wide
spacings of 10 by 10 feet(436TPA), thinning at age
15 to 25 (dependingon site index), andharvesting
at age26 to 30 yields the optimal return. Planting
densitiesof 750 to 950TPAcombinedwith thinning
at aboutage 15 led to the highesteconomicreturn
basedonananalysisreportedbyHotvedtandStrake
(11).

The scheduledthinning of thestudyplantation
was designed to determine the effect of initial
spacingand subsequentthinning levels on stand
dynamics,growth, andlong-term production and
provided a unique opportunity to examine the
effect of these treatmentson lumber gradeyield
and strength.

Procedures

Study plantation

Thestudyplantationis locatedon acut-overlong-
leaf pine (P. palustris Mill) site near Merryville in
southwest Louisiana. Site preparation involved re-
moving stumps and burning. In January 1952, the
80-acrestudysitewasmachine-plantedat spacings
of 6 by 6 feet (1,210TPA), 8 by 8 feet (681 TPA), 9 by
9feet(538TPA), lOby l0feet(436TPA),and 12by12
feet (302 TPA).Plantingin strips2 chainswideand20
chains long resultedin 4 replicationsof eachspacing
(14).

At age 18, the long narrow spacing strips were
divided into 0.4-acrethinning plots (2 by 2 chains).
Thinning levels with residualdensities of 60, 80,
100,and 120 ft.2/ acre were assigned at random to
each plot. Measurement plots were 0.1 acre and
surrounded by a buffer strip 0.5 chain wide. Each
plot was thinned backto its assignedresidualbasal
area at age 18, 23, 28, 32, and 38. Generally,
thinning was from below. Largedominantswereonly
cut when they were extremely rough or defective,
badly forked, or diseased and when their removal
helped adjacent dominants. The DBH for each tree
and total height and crown height for a stratified
sub-sampleof treesbasedon DBH weremeasured
on the measurementplots and recordedbeforeand
after each thinning.

Sample trees

A total of 307 trees, =9.0-inch DBHwith a mini-
mumof one 16-foot sawlog to a 6.0-inch diameter
inside bark (d.i.b.) top, were thinned from the study
plots at age 38 and processed into lumber. Sixty-five
of the trees were selected from the measurementplots
and the others were selected from plot buffers. Trees
thinned from the measurement plots were selected
using the thinning criteria described. Trees selected
for thinning from the buffer of each plot were selected
randomly within DBH classes to simulate a final
harvest.

The DBH of the sample trees ranged from 9.0 to
17.4 inches and averaged 79 feet in total height. The
trees were felled with chainsaws and bucked into
sawlogs 8 to 16 feet long on site. Nine to 21 trees were
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TABLE 1.— Averagediameterat breosi height (IJBH) ond totalheight of38-year-oldloblolly pine treesprocessedinto lumber byspacingand residual
basalarea.

Initial
spacing

Residual basal area per acrelft.
21

No. of
trees

sampled

60

DBH
Total
height

No. of
trees

sampled

80 100 120

013H
Total
height

No. of
trees

sampled DBH
Total
height

No. of
trees

sampled OSH
Total
height

Ifti lini Ifti lini lft.l lin.l lft.l lln.l lft.l
6by 6
8 by 8
9by 9

lObylO
12by12

18
18
16
20
16

12.4
13.0
12.7
12.6
13.9

81
80
81
78
81

18
21
21
17
14

11.5
12.0
11.6
12.6
12.8

77
79
76
77
79

14
10
16
18
11

11.5
10.5
11.7
11.4
12.4

81
78
82
77
81

20
20

9
10
--

11.0
11.2
11.1
11.4
-.

82
80
82
80
--

sampled from each spacing/thinning combination
(Table 1). The sawlogsharvestedfrom the 6- by 6-, 9-
by 9-,and 12- by 12-footplotswereweighedwith bark
to ±2.0lb. at theloggingdeck.

sawing and lumber grading

The 1,033logs harvestedwere truckedto Weyer-
haeuserCompanysawmills nearHot Springs,Ark.,
andsawninto4/4 boardsand2 by 4, 2 by 6, and2 by
10 dimensionlumber.Logs < 10.0inch scalingdiame-
ter were processed at a chipping-sawmill and logs =
10.0 inch scaling diameter were processed at a band
mill.

Examinationof the crosssectionsof the butt logs
from the spacing and thinning plots showed the length
of juvenility to be 10 years. A red circle representing
the first 10 rings from the pith was painted on each
end of the 193 bandsaw logs. The logs processed in
the band mill produced 1,982 pieces of lumber.After
sawing, the proportion of each end of each piece of
lumber producedin the bandmill that wasjuvenile
woodwasestimatedand recorded.

Lumbercut from eachlogwasidentified,dried,and
then graded by certified Southern Pine Inspection
Bureau (SPIB) lumber graders(23) after planing. A
randomsubsampleof dimensionlumbergradedNo. 2
and betterwas machine stressrated (MSR) on a
continuouslumber testing machineto nondestruc-
tively determineaveragemodulusofelasticity(AMOEI
andlow-pointmodulusof elasticity (LMOE) in million
psi.

The MSRlumber was placed into one of two SPIB
MSR gradeclassifications(22) basedon the following
criteria:

Grade classification

1650F-1.5E
2100F.1.8E

AMOE LMOE
lmillionpsil

=1.4and (1.6 =1.2and ~ 1.4
=1.6 =1.4

Analysis

The proportion of juvenilewood recordedfor each
end of each piece of lumber cut from each band saw log
was averaged. Correlation coefficients were developed
to showthe relationshipbetweenjuvenilewood con-
tentandAMOE andLMOE for the 2 by 4 and 2 by 6

TABLE 2. — Effect of initial spacing and thinning to residual basalarea
after age 18 onpercentage oflumber classedasjuuenile woodfor labially

pine in the coastalplain of Louisiana.

Residual basal area per acre lft.21
Initial
spacing 60 80 100 120

lft.l l%l
6by 6 32 38 39 43
8hy8 34 37 34
9by 9 35 35 41 42

lOhylO 36 39 42 44
12hy12 39 41 49

No bandsaw logswerc processed.

lumbercut fromthebandsawlogs.Thestrengthof the
lumber, proportion of juvenile wood, andvolume of
lumberby gradewere summarizedfor logs andtrees
by treatments.Regressionequationsweredeveloped
topredicttotallumbervolumeandvolumeofNo.2and
betterlumber producedfrom a tree.Equationswere
also developedto predict tree sawlog stemwood vol-
umeand wood andbarkgreenweight.The following
linear modelwasused:

2 2Y=a+b(D xTH7~+c(RBA)+d(D xTHxINTA)
where:

Y total lumbervolume for all
grades(boardfeet (BF)), volume of
all lumber gradedNo. 2 andbetter,
sawlogstemwoodvolume (ft.3), or
sawlogstemwoodand barkgreen
weight (lb.)

D = treeDBH (in.)
TH = treetotal height (ft.)

2
RBA residual basalarea(ft. /acre)

INTA initial numberof treesperacre
at standestablishment

The prediction equationswere applied to trees=
9.0 inch DBH, tallied on each measurementplot
before thinning at age38, and expandedto yields
per acre.

The average lumber prices in the South as of
January 1993 (20) wereused to obtain an average
lumber valueof $357 perthousandBF (MBF) for No.
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2andbetterand$243/MBF forNo.3andworse.These
valueswereobtainedbyweightinglumbergradeprices
in proportion to the averageyield by gradefor this
study.Thevolumeof No. 3 andworselumberfor each
tree was determined by subtracting the predicted
volume of No. 2 and better from the predicted total
lumber volume.

An analysis of variance (AIMOVA) was performed on
plot summaries to determine the effects of spacing and
thinning on sawlog volume, sawlog weight, proportion

60

0
50

5:
W 40

0
~ 30

w 20

~ 10
-J

9 10 11 12 13 14 15 16

OSH CLASS

Figure 1. — Effect of tree size averaged across spacing and
thinning treatments on proportion of lumber graded No. 1 and
better (BTR), No.2, and No.3 and 4 for loblolly pine sawn at age
38 on the coastal plain of Louisiana.

of lumberproducedthatwasgrade2 or better,value
per MBF, and totalvalue of lumber producedat age
38.TheANOVA wasperformedassumingacompletely
randomized design and assuming spacing strips were
whole plots in a split-plot design. The results of the
split-plot analysis were similar to the randomized
analysis, but are not reported because the strips were
not complete blocks.

Resultsand discussion
The 307 treesharvestedproduced193 bandmill

logs and 736 chip-n-sawlogs. The band mill logs
averaged 10.9-inch scaling diameterand produced
15,959BF of lumber. The chipping sawlogswere an
average 7.8-inch scaling diameter and produced
35,128BF of lumber.

Initial spacingandthinning to different residual
basalareasafterage18 affectedthevolumeofjuvenile

TABLE 5.— Effect ofinitial spacingand thinning to residualbasalarea
after age18 on percentageoflumberproducedperacrethatis gradeNo.
2 and betterfrom simulatedclearctit at age38for labIally pine in the

coastalplain of Louisiana.

Residual basal area pcr acre lft.
2)

Initial spacing 60 80 100 120

(ft.) (%)

6by 6 62 63 60 55
8by 8 49 53 50 48
9by 9 47 49 45 43

lObylO 49 46 45 42
12hy12 42 42 38 --

TABLE 3. —Regressionequatiansand coefJtcientsfor estimatingtotal lumbervotume.volume of No. 2 and bettertumbet sawlogstemwoodvolumeand
sawlogstemwoodand barkweightfor lobtottypine treesplantedat variousinitial spacingsandtliirtned to vanousreiodrirrl sal-areas-afterripe 18.

Regressioncoefficients
Standarderror coefficient of coefficient of

independentvariable(17 a b c d of estimate determination variation

Total lumbervolume (BE) 10.50517 0.01398 -0.08852 0.000001009 22.8 .87 14.8
No. 2 and betterlumbervolume (BE) 4236675 0.00033 -0.28646 0.000002803 33.4 .34 43.0
Sawlogstemvolume lft.Th - 168678 0.00189 -0.01160 0000000101 2.4 .92 11.7
Sawlogstemwcightllb-) 12.31959 012552 -2.15551 0000011212 178.0 .92 11.0

ay - a + b lD~THl + c IRBA) + d 102 ~T1-l~lIVTA).

where: Y independentvariable
0— treeOBIl (in.)

TI-I — tree total height (ft.)
RBA— residual basal area (ft.2/acre)

INTA = initial number of trees per acre.

TABLE 4.— Numberof sawlogtreesperacre, averagediameterat breastheight fDBH). sawlogstemwoodvolume, and lumbervolume peracrefor a
simulatedharvestof all sawtiotber treesat age38 by initial spacingandresidual basalareafor lobloily pine in the coastalplain of Louisiana.

Residualbasalareaperacre(ft.2)

60 80 100 120

No. of No. of No. of No. of
trees trees trees trees

Initial per Avg. Sawlog Stem per Avg. Sawlog Stem per Avg. Sawlog Stem per Avg. Sawlog Stem
spacing acre 061-I volume weight acre 001-I volume weight acre 0B1-t volume weight acre OSH volume weight

(ft.) (in.) lcunit/ (ton! (in.) (cunit! (ton! (in.) leunit! (ton! linI (cunit/ (ton!
acre)’ acre) acre) acre) acre) acre) acre) acre)

6by 6 84 - 12.3 18.5 66 126 11.3 21.9 77 142 11.0 25.1 86 158 11.1 28.6 96
8by 8 70 13.2 17.6 61 113 11.8 21.6 75 158 11.3 28.1 95 170 11.0 28.4 93
9by 9 72 13.7 20.2 70 110 12.2 21.8 74 128 12.0 26.9 90 154 11.7 30.8 202

lOby 10 76 13.0 17.2 60 95 12.8 20.9 72 129 12.0 25.3 85 163 11.6 29.4 96
12by12 60 14.7 19.4 66 90 13.5 23.3 79 110 13.8 31.3 104 -- -- -- --

‘One eunit 100 ft.3

-- NO.3 & 4

/
NO. 2

NO. 1 & BTR
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wood (Table 2). Stands planted at close spacings (6 by
2

6 or 8 by 8 ft.) and thinned to 60 ft. /acreproduced
lumberwith 32 to 34 percentjuvenilewood compared
to standsplantedatwidespacin~s(10by 10 or 12 by 12
ft.) andthinnedto 100to 120ft. /acre,whichproduced
lumbercontaining42 to 49 percentjuvenilewood.

During the early years of a plantation when
juvenile wood is producedin what will becomethe
first andsecondlogs, treesplantedat closespacings
puton lessradialgrowththanthoseplantedatwider
spacings. Following thinning, heavily thinned
stands put on more radial growth than lightly
thinned stands.Thus, stands planted close and
then heavilythinned containa smallercoreofjuve-
nile woodthanstandsplantedat widerspacingsand
lightly thinned.

The effect of tree sizeon lumber gradeyield is
shown in Figure 1. As DBH increased,the propor-
tion of lumber gradedNo. 1 andbetter increased
slightly; the proportion gradedNo. 2 decreased;
and the proportion graded No. 3 or worse in-
creased.

To examinethe effect of initial spacingand thin-
ning to residualbasal areaafter age 18 on lumber
gradeyield, aharvestof sawtimbertreesat age38 was
simulated.Regressionequationswere developedto
predictsawlogstemwoodvolume,sawlogstemweight,
totalvolumeof lumber,andvolumeof lumbergraded
No. 2 andbetter(Table 3). They wereappliedto every

so

6X6 ft. 8X8 ft. 9X9 ft. ~ 21001

t1.21OTPAI 1681 TPAI 1638 ThAt • 16501
~ 40

lOXiOft. 12X1211.
—J 1436 ThAI (302 TPA)
Co

U.

0

0
a.
0
0~0

60 80100120 80 80100120 80 80100120 60 80100120 80 80100

RESIDUAL BASAL AREA lit 2/aol

Figure 2.— Effect of initial spacing and thinning to residual basal
area after age 18 on the proportion of No.2 and better, machine
stress-rated, 2 by 4 lumber that graded 21 DOF and 1 650F for
38-year-old loblolly pine in thecoastal plain of Louisiana.

tree =9.0 inches DBHon each measurement plot and
plot estimates expanded to treaimentaveragesperacre.

At age 38, the number of sawtimber trees ranged
from 60 TPA with an average14.7-inchDBH from
the 12- by 12-foot plots thinned to 60 ft.2/acre, to
170TPAwith an average11.0-inchDBH from the 8-
by8-foot plotsthinnedto 120ft.2/acre(Table4).The
sawlogvolumesandstemweightsincreasedsignifi-
cantly (p .001)with an increasein residualbasal
areaperacre,butwerenot significantly affectedby
initial spacing. Sawlog volumes ranged from an
averageof 18.6 cunits (100 ft.3)/acrefor a residual
basalareaof60 ft.2to 29.3cunits/acrefor aresidual
basalareaof 120 ft.2 (+58%)).Stemweightsranged
from an averageof 64.6 tons/acrefor a basalarea

2
of 60 ft. to 98.5 tons/acre for a basalareaof 120
ft.2 (+50%).

Both initial spacingand thinning to different
residualbasalareasafterage 18 hadasignificant
effect (p .001) on the proportion of lumber per
acregradedNo. 2 andbetter(Table 5). Plotsplanted
at spacingsof 6 by 6 feet and thinned to ~ 100
ft. 2/acreproduced the highestproportion of No. 2
and better lumber (60% to 63%). Plots planted at
spacingsof 12 by 12 feet and thinned to the same
residualbasalareasproducedthelowestproportion
of No. 2 and better lumber (38% to 42%). Wider
initial spacingreducedthe proportion of No. 2 and
betterlumbermore than maintaininghigherresid-
ual basalareas.

Thesedifferencesin lumber gradeyield occurred
becausetrees in plots with relatively close initial
Spacinghadfewer andsmallerbranchesthantreesin
plotsplantedat 12- by 12-footSpacing.After thinning,

TABLE 6. — Effect ofinitial spacingand thinning to residualbasalarea
afterage18 on valueperthousandboardfeet fMBF) for lumberproduced
peracrein simulatedclearcutat age38for labIally pine in the coastal

plain of Louisiana.

Residualbasalareaperacre)ft.21

Initial spacing 60 80 100 120

Ift.) l$!MI3E)

6by 6 315 315 311 306
8by 8 299 303 300 297
9by 9 296 299 295 292

lObylO 299 296 294 291
12 by 12 290 291 287 --

TABLE 7. —Effect of initial spacingand thinning to residual basalarea afler age 18 on volumeand valueper acre of lumber producedfrom trees har
vestedin simulated clearcul at age38for lablally pine in the coastalplain of Louisiana.

Initial spacing

Residual basal area per acre lft.21

60 80 100 120

volume Value volume value volume value Volume value

Ift.) IMBF/acrel 1$) IMI3F!acre) 1$) IMBF!acrel 1$) llvIBF!acrel 1$)
6by 6
8by 8
9 by 9

10 by 10
12 by 12

14.1 4,434 16.8 5.302 19.2 5,982
13.3 3,974 16.5 4,989 21.3 6.403
15.2 4,506 16.5 4,925 20.3 5.997
12.9 3.882 15.7 4,659 9.1 5,629
14.5 4,217 17.5 5,093 23.5 6,732

21.9
21.6
23.3
22.2
--

6.705
6,417
6.814
6,468
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treesplantedat closespacingproducedclearmature
wood along the lower bole, but treesin the widely
spaced 12- by 12-foot plots had persistentlower
branchesthatcontinuedto increasein size,leadingto
largeknots in manufacturedlumber. Because2 by 4
and2 by 6 lumbergradedNo. 2cannothaveanyknots
> 2-7/8 inches, silvicultural practicesfavoringpro-
duction of large-diameterbranchesreduce lumber
gradeyield.

On average,theNo. 2 andbetterlumberprocessed
through the continuousstresstestingmachinewas
relatively weak, with only 23 percentin either the
I 650For the21 OOFMSR classifications(22). In the2
by 4 category,only7 percentofthe 1,173piecestested
madethe 2100F classificationand only 16 percent
madethe 1650Fclassification.Theselow MSR grade
yields aredirectly related to the LMOE valuesof the
pieces. If the LMOE criteria were not applied, 45
percentof the lumber testedwould be classified as
1650F, indicating that knots closeto the maximum
sizepermittedin No. 2boardsorotherstrength-affect-
ing defectsare responsiblefor the low rangeof the
LMOE.

Plots plantedat 6 by 6 or 8 by 8 feetandthinned
2toGOft. /acreyieldedthehighestproportionoflumber

classifiedas 1 650For 21OOFwhile plotsplantedat 12
by 12 feet yielded the lowest proportion of lumber in
the1 650Fand21OOFclassification(Fig. 2).Theclosely
planted, heavily thinned plots produced a higher
proportion of stronger lumber because the trees had
smaller knots in the lower bole and less juvenile wood.
The AMOE of the pieces tested were significantly
correlated(r = 0.46) with percentjuvenile wood con-
tent.

Table6 showstheeffectof thespacingandthinning
treaimentson thevalueperMBF of lumberproduced.
ValueperMBF decreasedsignificantly (p .001) with
increasingbasalareaanddecreasedsignificantly (p =

.003)with increasedspacing.Plantingat initial close
spacingsof 6 by 6 feetandthinning to residualbasal

2
areasof 60 to 120 ft. /acreafter age18 yieldedmore
greatervalue lumber than any other spacing and
thinningcombination.Forexample,plotsplantedwith
a6-by6-footspacingandthinnedto60 or80 ft.2/acre
basal area yielded lumber valued at about 10 percent
moreper MBF than lumberproducedfrom thinned
12- by 12-footplots.

Whenthevalueofall lumberproducedis examined
on a per-acrebasisratherthanan MBF basis,treat-
mentsassociatedwith high lumber volume per acre
resulted in the highest value of lumber produced
(Table 7). Thevalueof all lumberproducedat age38
increasedsignificantly (p .001) with increasedbasal
area.For example,plots thinned to 60 ft.2/acre, on
average,produced14.0MBF/acre at age38, with a
lumbervalueof $4,203/acre,while plots thinned to

2
120ft. /acreproduced22.2MBF/acreat age38. with
an averagevalueof $6,601/acre(+57%). Initial spac-
inghadno significanteffectonstandingvolumeat age
38 and,thus,no significanteffectonvalueperacreat
age38. The costsandvaluesof the Merryville study

managementsystem from stand establishmentto

harvestwill be addressedin a separatepaper.

Conclusions
Initial planting density and thinning to residual

basal areaafter age 18 significantly affected the
wood properties and quality of lumber produced
from aloblolly pinestandat age38. Plotsplantedat
spacingsof 6 by 6 feetandthinned to 100 ft. 2/acre
produced60 percentNo. 2 andbetterlumber. Plots
plantedat 12- by 12-foot spacingsand thinned to
the samebasalareayielded 42 percentNo. 2 and
betterlumber.ThelumbervalueperMBF wasabout
10 percenthigherfor the 6- by 6-foot plots thinned

2
to 100 ft. /acre than for the 12- by 12-foot plots
thinned to the same residual basal area. On a
per-acrebasis,however,plots thinned to leavethe
highest residual basal areaproduced the highest
volume andvalueper acre.

Theseresults illustrate that growth and yield
modelsneedto accountfor notonlychangesinwood
volumebutalso changesin wood properties related
to standmanagementdecisions.Modeling for wood
propertiesis difficult becauseof the manyvariables
that influence wood formation. Substantialaddi-
tional researchis neededto developwood property
models for inclusion into existing southern pine
growth andyield packages.Basedon theseresults,
suchmodelsshould incorporatethe effect of initial
planting densityand thinning regimeson product
gradeyields.
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